Intracisternal A-particles (IAPs) are retrovirus-like, noninfectious particles found in the endoplasmic reticula of a variety of mouse cell types (9) . IAPs are encoded by a large number of provirus-like elements in the mouse genome. These IAP elements contain gag and pol genes but lack the env gene. The absence of IAP envelope glycoproteins is the most obvious cause for the loss of IAP infectivity. Other incapacitating problems include the defective maturation of the gag polyprotein (12) and the hydrophobic N terminus of the Gag protein, which is implicated in the assembly of particles at the membranes of the endoplasmic reticulum (13) .
The intracisternal-A-particle-related envelope-encoding (IAPE) group of retroviral elements in Mus musculus contains a reading frame with close resemblance to retroviral env genes (17) . IAPE transcripts include a 2.8-kb spliced subgenomic env mRNA. Antisera directed against the IAPE env gene product specifically detect N-glycosylated proteins of 91 kDa or less in cell lines positive for IAPE RNAs (16) . IAPE envelope proteins thus may allow the assembly of an as-yet-unidentified infectious IAPE virus.
IAPE proviral elements exist in approximately 200 copies per M. musculus genome and can be divided into at least three groups based on the size of the internal proviral region after EcoRI restriction digestion ( Fig. 1) (17) . The 7.5-kb IAPE subgroup (IAPE-A) potentially represents intact IAPE proviruses whereas the smaller (4.0-kb [IAPE-B] and 3.7-kb [IAPE-C]) elements have been shown to lack large parts of the gag and pol genes. Each of these subgroups consists of approximately 30 to 50 proviral elements (17) . A number of IAPE elements differ in size from the types described above and may represent either proviruses with less common truncations or restriction site polymorphisms. Despite the presence of apparently full-length proviruses, Northern blot RNA analysis of two mouse cell lines failed to detect IAPE RNAs in the size range corresponding to intact IAPEs (IAPE-A) (16) , while smaller transcripts were detectable. Thus, the transcription of intact full-length IAPE proviral elements might be tightly regulated, perhaps restricted to certain cell types or stages during mouse development.
The presence of infectious endogenous retrovirus in a mouse population results in a diversity in both the number and the location of proviruses within the host genome (3, 8) . To examine the extent of genetic diversity of IAPEs, we analyzed IAPE subsets in several mouse laboratory inbred strains as well as two species of wild mice. The pattern of IAPE loci was identified by the cellular flanking regions. In such an analysis, loci present in all samples would indicate integration at an early time during the evolution of the genus Mus whereas loci restricted to certain strains are likely to be late acquisitions.
We extended our previous analysis of mouse IAPE subtypes to a number of male and female animals of several M. musculus laboratory inbred strains and to the Asian house mouse Mus musculus castaneus, obtained from different locations. Most of today's mouse inbred strains are derived from the west European house mouse Mus musculus domesticus and the Asian Mus musculus molossinus or M. musculus castaneus. Mus spretus from Spain was tested as example of a separate species. DNA (10 g) isolated from liver tissue (11) was digested with EcoRI and separated on a 0.8% agarose gel. The DNA within the dried gel, or "unblot," was hybridized to 32 P-labeled oligonucleotide FR2871/20 (5Ј-GCATCAGCCAGATCTGCTGA-3Ј) as described previously (18) . FR2871/20 represents the antisense strand of a conserved region in the IAPE env gene (nucleotides nt 2871 to 2890 of IAPE-1) that is found in all IAPE cDNAs (IAPE-1, IAPE-4, and IAPE-28), where this part has been sequenced (17) (Fig. 1) .
We were able to distinguish in M. musculus the three distinct IAPE types that we described previously (17) . However, our results show that in all four cases in which DNA samples from males and females of the same M. musculus inbred strain were used, the repetitive 7.5-kb (IAPE-A) type was found only for the male (Fig. 2A) . This genetic sexual dimorphism is also found in males and females of other M. musculus inbred strains, for which matched samples for the opposite sexes were not included ( Fig. 2 ) and a selection of M. musculus castaneus wild mice from Asia ( The presence of infectious endogenous retroviruses in a mouse population is correlated with a high genetic variability in the number and location of proviral loci among inbred strains, subspecies, and species. Such variability has been observed with murine leukemia virus (3) and mouse mammary tumor virus (8) . It is commonly visualized as restriction length polymorphism of cellular sequences flanking individual proviral loci. To examine potential differences in the locations of IAPE proviral elements, we analyzed the size distribution of 3Ј-junction fragments between IAPEs and cellular DNA after BamHI or PvuII digestion. These enzymes cut at positions 2698 (BamHI) and 2812 (PvuII) of cDNA clone IAPE-1 (17) and are expected to create 3Ј-junction fragments of 1.4 kb (BamHI) and 1.3 kb (PvuII) of viral DNA joined to flanking cell DNA (Fig. 1) . Digested mouse genomic DNAs were processed and hybridized as described above.
All M. musculus samples exhibited the genetic sexual dimorphism previously seen with IAPE-A internal fragments. A repetitive 3Ј-junction fragment of 2.1 kb was seen in BamHIdigested DNA from M. musculus inbred-strain males that was not present in females of the same strain (Fig. 3) . After PvuII digestion, a major repetitive junction fragment of 3.2 kb and a minor repetitive fragment of 3.7 kb were observed in male animals of M. musculus inbred strains, M. musculus molossinus from Japan, and M. musculus castaneus from Taiwan, Malaysia, or Indonesia (Fig. 4) . The presence of repetitive junction fragments indicates that one single IAPE element, after initial integration into host DNA, has been subsequently amplified together with flanking cellular sequences. The singleness of the repetitive junction region resulting from BamHI digestion makes it likely that the minor PvuII set reflects a sequence polymorphism in some IAPE-A copies or flanking regions rather than a second independent integration-amplification event. As both IAPE-A elements and the repetitive flanking regions are male specific, we conclude that IAPE-A elements have been amplified as part of a larger cellular region of the M. musculus Y chromosome.
These repetitive fragment patterns were not observed in DNA sample from male M. spretus after analysis of cellular sequences flanking IAPEs with either BamHI or PvuII (Fig. 3  and 4) . All IAPE-A and IAPE-B loci in M. spretus are likely to represent independent integration events and have not been subjected to a subsequent amplification.
The large number of IAPE elements in the mouse genome makes the resolution of single copy junction regions problematic, in particular in the larger size range, such that some differences between strains may not be detected. In BamHI-digested samples, comparison among M. musculus inbred strains showed a large number of IAPE loci common among all strains (Fig. 3) . However, some IAPE junction fragments were restricted to certain inbred strains and were not found in others. The presence of strain-specific IAPE loci may reflect either a recent IAPE transposition during inbreeding, a different genetic background of founder animals, or restriction site polymorphisms. A larger number of differences was found between North American M. musculus inbred strains and an M. musculus inbred strain from Peru. Most junction fragments differ for M. spretus and M. musculus strains. These results suggest that replicating IAPE elements were present in the common ancestor of M. musculus and M. spretus. Fixation of most IAPEs in the germ line occurred in M. musculus and M. spretus after speciation but before M. musculus inbred strains were generated.
It has previously been shown that the Y chromosome of M. musculus inbred strains is derived from the Asian M. musculus molossinus in certain strains but inherited from the west European M. musculus domesticus in others (15, 19) . In our The combined data from our IAPE subtype and IAPE locus analyses suggest the following sequence of events during mouse-IAPE coevolution (Fig. 5) . Replicating IAPE-A and IAPE-B were present in the ancestral Mus population before the evolutionary separation of M. musculus and M. spretus Ϸ2 million years ago (14) . However, the differences in the position of IAPE loci within the genome between these two species indicate that most IAPE loci were established in the host germ line only after separation of the species. While IAPEs in M. spretus did not undergo major detectable changes, two developments are apparent in M. musculus: (i) integration of a copy of IAPE-A on the Y chromosome and its subsequent amplification as part of the host genome before separation of 5) , and M. spretus (M. spret.). Genomic DNA from mouse specimens (10 g each) was EcoRI digested, separated on a 0.8% agarose gel, and dried. The dried gel was hybridized to IAPE env-specific oligonucleotide FR2871/20 (Ͼ0.5 ϫ 10 6 cpm/ml) at 50ЊC in a solution of 5ϫ SSPE (0.75 M NaCl, 50 mM NaH 2 PO 4 , 20 mM EDTA, pH 7.4)-0.1% sodium dodecyl sulfate (SDS)-10 g of salmon sperm DNA per ml and washed at room temperature in 2ϫ SSC (0.3 M NaCl, 30 mM sodium citrate, pH 7.0)-0.1% SDS. The sex (M, male; F, female) for each sample is identified below the lanes. The mouse strains from which DNA samples were obtained are indicated above the lanes. Lanes 1 to 5, M. musculus castaneus wild mice from Malaysia (specimen MG-5058), Bandung (Indonesia) (MG-0453), Hemei (Taiwan) (MG-5062), Taichung (Taiwan) (MG-0166), and Taidong (Taiwan) (MG-0265), respectively. The MG numbers are the serial numbers of wild-mouse specimens at the National Institute of Genetics, Mishima, Japan. All M. musculus inbred strains were purchased from The Jackson Laboratory (Bar Harbor, Maine). M. musculus castaneus, M. musculus molossinus, and M. musculus domesticus (Ϸ0.8 million years ago) and (ii) generation of IAPE-C elements through a truncation(s) of the gag and pol genes and their integration into a number of distinct genomic loci. The IAPE-C elements thus represent the most recent of the three major IAPE types.
Strong suppression of crossing over between major parts of the X and Y chromosomes permitted accumulation of several types of repetitive sequences in the mouse Y chromosome (4, 6) . One of these, MuRVY, resembles murine leukemia viruses in sequence and structure and is clearly distinct from IAPEs (7) . A recent report, published during preparation of our manuscript, describes the close physical association and coamplification of MuRVY and IAPE-Y (IAPE-A in our nomenclature) proviral elements on the M. musculus Y chromosome (2) . These results and the strict linkage of repetitive IAPE-A elements to the male sex imply that the repetitive IAPE-A elements are located in the differential (nonpseudoautosomal) region on the long arm of the M. musculus Y chromosome (1) .
IAPE-A elements are likely to represent full-length IAPE elements and could potentially encode a yet-unknown, infectious IAPE virus. The expression of envelope-like IAPE proteins described in our earlier work (16) was detected in the absence of IAPE-A RNA and thus is likely to involve IAPE-B or IAPE-C elements. These elements are, however, unable to provide the IAPE gag and pol gene products. With IAPE-A as the only possible source of these proteins, IAPE virus production may occur predominantly in M. musculus males. Alternatively, coexpression of multiple defective IAP or IAPE genomes in a cell could lead to the production of infectious virus particles in the absence of complete genomes.
Although a large number of apparently full-length IAPE-A proviruses are present on M. musculus Y chromosomes, an earlier analysis of the neuroblastoma cell line NH15-CA2 (16, 17) 
